The gauge dependence problem of the effective action for general gauge theories in the framework of a modified functional renormalization group approach proposed recently is studied. It is shown that the effective action remains gauge-dependent on-shell.
Introduction
The functional renormalization group approach [1, 2] is an attempt to give a method to consider some non-perturbative aspects of quantum theories. There is a rather high activity in applications of this method as to various problems in the quantum field theory (see, for example, [3, 4] and references therein). Special attention is given to the gauge theories as the ones in terms of which all fundamental interactions might be described. Recently, it has been shown that the application of the functional renormalization group approach to the Yang-Mills theories faces the gauge dependence problem as the effective action being the main object of the method and satisfying the flow equation remains gauge dependent even on-shell [4] . Moreover, the gauge dependence of the effective action has been explicitly demonstrated by explicit calculations for a simple Abelian model in linear gauges [5] . These facts tell us that there is no possibility for a reasonable physical interpretation of any results obtained within the framework of standard FRG [1, 2] being applied as to gauge systems.
Just recently, a modification of the standard FRG approach has been proposed [6] . The modification consists of a single insertion of composite operators into the generating functional of Green functions. Application of this proposal to the gauge theories requires the general study of the gauge dependence problem. In the present paper, we analyze this problem as for the general gauge theories formulated in the field-antifield quantization formalism, in arbitrary admissible gauges [7, 8] . We find that the modified FRG approach [6] suffers with the same problem as the standard one [1, 2] .
We use the condensed DeWitt's notations [9] . The Grassmann parity of a quantity F is denoted as ε(F ).
Gauge dependence problem in the FRG approach
Our starting point is a gauge theory described within the framework of the field-antifield formalism [7, 8] by the effective action functional S ef f (ϕ) as defined by
where ϕ = {ϕ A } (ε(ϕ A ) = ε A ) means the fields of the total configuration space, including the initial fields of the classical gauge theory, the ghost and the antighost fields, the NakanishiLautrup fields, and so on. Here ϕ * = {ϕ * A } (ε(ϕ * A ) = ε A +1) denotes the set of the respective antifields. Both the actions S ext = S ext (ϕ, ϕ * ) and S = S(ϕ, ϕ * ) satisfy the quantum master equation
Fermion functional Ψ = Ψ(ϕ) describes the gauge fixing characteristic to the field-antifield formalism. In turn, the natural arbitraries in S ext is described by the formula (see, for instance, [10, 11] ) 
The generating functional of the Green functions for the general gauge theories within the FRG approach can be written down in the form of a functional integral over the fields ϕ,
is an arbitrary composite operator, J = {J A }, (ε(J A ) = ε A ) are the respective sources to the fields ϕ = {ϕ A }, K is the source to the composite operator O(ϕ) (ε(K) = ε(O(ϕ))).
The action S k (ϕ) named the regulator action within the FRG approach [1, 2, 3] has the quadratic form,
where R kAB (x, y), R kAB (x, y) = R kBA (y, x)(−1) ε A ε B are the so-called regulator functions.
Index k denotes a momentum rescaling parameter such that
The standard FRG approach [1, 2] corresponds to the case when K = 0 while the modified one [6] works with K = 0. For both these approaches the gauge dependence problem is studied in a similar way.
To use the most efficient aspects of the field-antifield formalism it is convenient to introduce the extended generating functional of the Green functions, Z k (J, ϕ * , K),
Obviously, one has,
where
The modified Ward identity for the generating functional Z k = Z k (J, ϕ * , K) has the form
which follows from the equality
In (2.9), the notations 11) are used. When k → 0 and K = 0 the (2.9) reduces to the standard Ward identity playing the crucial role as to study the renormalization and the gauge dependence problem for general gauge theories within the field-antifield formalism [12] .
Consider now an infinitesimal variation of the gauge fixing functional Ψ entering the action S ext (2.3)
(2.12)
The latter generates the following variation in S ext 13) and, thereby, in the generating functional of the Green functions (2.7),
By usual manipulations, the equation (2.14) rewrites in the form
where O A is defined in (2.11) and
By using the Ward identity (2.9), the equation defining the gauge dependence of the effective action (2.15) rewrites in a very nice form
It follows from (2.15) that the relation holds
The relation (2.19) allows one to reveal the gauge dependence of the average effective action in the both FRG approaches, even on-shell. This means that there is no consistent physical description of the results obtained within the framework of the standard FRG approach [1, 2] , or of the modified one [6] , in the case of gauge theories.
Discussion
Notice that there exists a way to solve the gauge dependence problem appearing in the functional renormalization group approach with use the concept of quantum field theory with composite operators [13, 14, 15] . Following the paper [4] one can extend the action in the functional integral (2.4) with the new term, K 1 L k (φ) instead of S k (ϕ), introducing the new external source K 1 as for the respective quantity L k (φ). Then one can state that the effective action with these composite operators does not depend on gauges on-shell which is defined with respect to the equations of motion as for the effective action.
Quite recently the problem of modification of the standard quantization rules not destroying the gauge status of the scheme was discussed in the paper [16] . It was proven that defining the physical observable quantities, O phys , in the usual way, one extends the action in the functional integral with the new term i ln O phys (φ). There is no new external sources introduced in the latter case. It follows that the standard quantum master equation absorbs consistently the new term, provided that the O phys is annihilated by the BRST operator σ =: i ∆ + ad(S ef f ), where ad(S ef f ) means the adjoint antibracket operator. Then it follows that the total effective action is gauge independent on-shell. From this point of view the gauge dependence problem in the standard FRG [1, 2] is related with the fact that σ exp{ i S k } = 0.
